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Introduction
Chemical constituents and biological activities of Isodon plants have been the subjects of continuous studies for decades (Lazarski et al., 2014; Sun et al., 2006; Wang et al., 2011) . ent-Kaurene diterpenoids are the major focus of the bioactive compounds in the genus (Lu et al., 2013; Riehl et al., 2015) . In our recent studies, we have discovered several novel types of non-ent-kaurene diterpenes from the Isodon genus. For example, rubesanolides A and C were two novel abietanes isolated from I. rubescens, with the former containing a unique -lactone subgroup formed between positions C-9 and C-20 (Zou et al., 2011) , and the latter containing a rare -lactone subgroup formed between positions C-8 and C-20 (Zou et al., 2012) . Some of these also possess good biological activities, an example being fladin A, which is a novel pimarane diterpenoid obtained from I. flavidus showing antifungal potential against the athlete's foot fungus (Li et al., 2016) . The genus Isodon is distributed all around China, particularly in the southwest provinces (Wu & Li, 1977) . Many Isodon plants have been used as traditional Chinese medicines (Chen et al., 1996) and I. amethystoides is one of them. The plant, known as 'wangzaozi' in Chinese, has been used as a folk medicine to treat pneumonia, pharyngitis and sore throat by the Shui minority of Guizhou Province (Wu, 1977) . Previous phytochemical studies on this species revealed that the structures of the diterpenoids differed with respect to region. 
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For example, umbrosins A and B and 14-acetylumbrosin B were isolated from the plant collected in Henan province (Li et al., 1981) . Amethystiodin A was abundantly found in the plant native to Jiangsu province (Cheng et al., 1982) . Meanwhile, wangzaozi A, glaucocalyxins A and B and rabdosinatol were obtained from the plant collected in Anhui province (Wang et al., 1982 (Wang et al., , 1994 .
Based on the folk medicine information of I. amethystoides, we investigated the chemical constituents of the stems and leaves found in Guizhou Province. We have since discovered a novel diterpenoid, which we designated as amethinol A, (1). Spectroscopic and X-ray crystallographic analyses determined that (1) represents an unprecedented diterpenoid with a novel six/five/seven-membered carbon skeleton (see Scheme). This article describes the isolation, structure elucidation, including absolute stereochemistry, and hypothetical biogenetic pathway of (1), in addition to its biological activities.
2. Experimental 2.1. Isolation, crystallization, data collection and structure deduction
The leaves and stems of I. amethystoides were collected in Libo, Guizhou province, People's Republic of China, in September of 2014. The plant species was authenticated by Professor Junhua Zhao of the Guiyang College of Traditional Chinese Medicine. The air-dried and powdered raw material (32.4 kg) was extracted with MeOH (90 l Â 4) at room temperature to give a crude extract (6.1 kg), which was subjected to silica-gel column separation, eluting with a gradient solvent system of petroleum ether/EtOAc (1:0-0:1 v/v) to yield six fractions (I-VI). Fraction III was further separated by silica-gel column chromatography, Sephadex LH-20 and semipreparative HPLC (Agilent 1100) to afford compound (1) (10.5 mg) as a white soild. The molecular formula (C 20 Through further analysis of the C-H long-range correlations in the HMBC spectrum, two additional substructure units were deduced for (1). The presence of the correlations of the two methyl protons ( H 0.93 and 1.11 ppm) to the quaternary carbon at C 34.3 ppm established the segment structure of -C(CH 3 ) 2 . The presence of the correlations of the methylene protons at H 3.23/2.99 ppm to the carbonyl carbon at C 210.7 ppm led to the determination of the segment structure of -CH 2 -C( O)-.
The 20 carbons in (1) -CH-CH 2 -CH-, -CH 2 -CH 2 -, -C(OH)-CH(CH 3 ) 2 , -C(CH 3 ) 2 and -CH 2 -C( O)-] elucidated above, the carboxyl carbon, the second quaternary carbon and the second tertiary oxy carbon.
The six substructure units and the functional groups could be connected to one another to afford further substructure units (Units A-D) by analyzing the HMBC spectral data of (1) (Fig. 2) . The presence of the HMBC correlations of the methyl protons at H 0.93 and 1.11 ppm to the methylene carbon at C 42.7 ppm connected the -C(CH 3 ) 2 and -CH 2 -CH 2 -CH 2 -segments to form the -C(CH 3 ) 2 -CH 2 -CH 2 -CH 2 -substructure unit (Unit A). The presence of the HMBC correlations of the methine proton at H 2.59 ppm to the carboxyl carbon C 178.8 ppm and the second quaternary carbon at C 63.0 ppm determined the -CH-CH 2 -CH-COOH substructure unit (Unit B). The presence of the HMBC correlations of the two methylene protons at H 2.93/2.38 and H 2.48/1.90 ppm to the second tertiary oxy carbon at C 83.8 ppm established the
was deduced by the observation of the long-range correlations of the methylene protons at H 3.23/2.99 ppm to the tertiary oxy carbon at C 73.5 ppm. The chemical structure of compound (1) could thus be elucidated by identification of the HMBC correlations among the four structure units (Units A-D).
While the methylene carbon at H 2.66/1.88 ppm of Unit A was deduced to be connected to the tertiary carbon of Unit B due to the presence of the HMBC correlations of the methylene protons to the quaternary carbon and the carboxylic carbon, the tertiary carbon of Unit A was connected to the methine carbon at C 53.0 ppm of Unit B due to the presence of the HMBC correlations of the two methyl protons to the methine carbon. The second methine carbon at C 60.9 ppm and the quaternary carbon of Unit B were both Computer programs: APEX2 (Bruker, 2012) , SAINT (Bruker, 2012) , SHELXT (Sheldrick, 2015a) , SHELXL2014 (Sheldrick, 2015b) and OLEX2 (Dolomanov et al., 2009) .
Figure 2
Structure deduction of (1). The dotted lines indicate the carbon-carbon bonds that connect the deduced substructures.
connected to the tertiary oxy carbon of Unit C due to the presence of the HMBC correlations of all protons in Unit B to the tertiary oxy carbon of Unit C. The presence of the HMBC correlations of the methine proton at H 5.05 ppm and the methylene protons in Unit B to the carbonyl carbon of Unit D connected Units B and D, and the presence of the HMBC correlations of the two methylene protons of Unit C and the tertiary oxy carbon of Unit D further connected Units C and D. We thus obtained the structure of compound (1) as shown in Fig. 2 through analysis of the two-dimensional spectral data of the compound. This represents a unique six/five/sevenmembered tricyclic diterpene structural skeleton that has not been reported previously. We have designated this type of diterpene structure as 'amethane', and we report compound (1) as the first example of the amethanes. In order to complete the full characterization of (1) and to elucidate its absolute configuration, (1) was crystallized from methanol to afford crystals suitable for X-ray analysis. The final refinement on the Cu K data of the crystal of (1) resulted in a Flack parameter of 0.04 (3) (Parsons et al., 2013) , allowing an unambiguous assignment of the absolute structure of (1) (Fig. 3) . The five chiral centres C-5, C-7, C-9, C-10 and C-13 were thus determined as S, R, R, R and R, respectively. Accordingly, the structure of (1) was established with a systematic name of (4aR,4bR,7R,10aS)-4b,7-dihydroxy-7-isopropyl-1,1-dimethyl-9-oxododecahydrobenzo[a]azulene-4a(2H)-carboxylic acid, and given the trivial name amethinol A.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . All the carbon-bound H atoms were generated geometrically and refined using a riding model, with C-H = 0.98-1.00 Å , and with the corresponding U iso (H) values set at 1.5U eq (C) for the methyl groups and at 1.2U eq (C) for the methylene and methenyl groups. The H atoms of the hydroxy groups were located in difference electron-density maps and refined freely.
Possible biosynthetic pathway
In a previous phytochemical study, lophanic acid (2), an abietane diterpene (Wang et al., 1995) , was found to be abundant in I. amethystoides and is thus considered as a plausible biogenetic precursor of (1) (Fig. 4) . In the presence of oxygen, the enzyme peroxidase could firstly cleave the C C double bond of lophanic acid to form a dione (Mutti et al., 2010) . The dione intermediate then undergoes an aldol condensation under the enzyme catalyst aldolase to produce amethinol A, (1) (Schmidt et al., 2016) .
Bioactivity evaluation
We have investigated the biological activities of amethinol A, (1), in various assays. The compound showed no inhibitory activity against cancer cells (HCT116 colorectal and A549 lung), viruses (HIV-1, Ebola and bird flu), dental bacteria (Streptococcus mutans and S. sobrinus) and the athlete's foot fungus (Trichophyton rubrum) at a concentration of 20 mg ml À1 . However, (1) demonstrated an antagonistic effect against RORt, a key transcription regulator linked to human autoimmune diseases.
About 70 human diseases, such as lupus nephritis, psoriasis, multiple sclerosis (MS), rheumatoid arthritis (RA), inflammatory bowel disease (IBD) and asthma, are associated with autoimmune disorders, which affect approximately 5% of the world's population (Goodnow et al., 2005) . RORt has been characterized as a principal transcription regulator of Th17 differentiation, which contributes to the pathogenesis of various autoimmune diseases (Ivanov et al., 2006) . In this regard, compounds that serve as RORt antagonists are potential therapeutics for autoimmune disorders. In this study, the effect of (1) on RORt inhibition was assessed in terms of the RORt-promoter-driven luciferase activity. A Jurkat cellbased reporter assay system was developed in our previous study, which expressed a fusion protein of RORt LBD with GAL4 DBD and the pGL4.31 reporter gene in the Jurkat cell line (Ding et al., 2015) . Upon the addition of (1) to RORtAEJurkat stable cells at 10 mg ml The molecular structure of compound (1), showing the atom-numbering scheme. Displacement ellipsoids are drawn at the 50% probability level.
Figure 4
Proposed biosynthetic pathways of compound (1).
electronic reprint activity was attenuated by approximately 78%, indicating (1) as a potential RORt inhibitor.
Results and discussion
The asymmetric unit of (1) consists of one formula unit. As the compound contains only O, C and H atoms, Cu K radiation was used to enable the determination of the absolute configuration. This corroborated the absolute configuration of the five stereocentres as 5S, 7R, 9R, 10R and 13R.
Amethinol A, (1) is a diterpenoid containing three fused rings. Six-membered ring A (atoms C1-C5/C10) has a chair conformation, with atoms C3 and C10 deviating from the best plane through atoms C1/C2/C4/C5 by À0.627 and 0.712 Å , respectively. It is fused through atoms C5 and C10 to fivemembered ring B (atoms C5-C7/C9-C10), which adopts an envelope conformation on atom C10. In ring B, atom C10 deviates by À0.629 Å from the best plane through atoms C5/ C6/C7/C9. Moreover, seven-membered ring C (atoms C7-C8/ C9/C11-C14), fused to ring B at atoms C7 and C9, has a twistchair conformation. This molecule also contains several functional groups. The methyl (C18), carboxyl (C20) and hydroxy (at C13) groups all lie on the face of the molecule. Only the hydroxy group at C9 and the C19 methyl group are in positions. There are three crystallographically independent O-HÁ Á ÁO hydrogen bonds connecting three adjacent molecules to form a 12-membered ring structure (Table 3 and Fig. 5 ). In addition, compound (1) is expanded into a twodimensional structure along the crystallographic a and b directions through these three hydrogen bonds. In summary, amethinol A, (1), a novel diterpene with an unprecedented six/five/seven-membered ring carbon skeleton, was identified from the twigs and leaves of Isodon amethystoides. The chemical structure was determined by extensive spectroscopic methods. The absolute configuration of (1) was confirmed by single-crystal X-ray diffraction analysis using Cu K radiation. Lophanic acid, a rich chemical constituent found in Isodon plants, was proposed as the precursor of (1) in its plausible biogenetic pathway. In addition, the attenuation of luciferase activity confirmed (1) as an effective RORt inhibitor. 
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Figure 5
The two-dimensional network structure of compound (1 
